In ferroelectric materials, charged domain walls (CDWs) are particularly interesting as they break the polarization continuity. This discontinuity induces an accumulation of mobile carriers resulting in an enhanced conductivity [1] . For example, in BaTiO3 (BTO), electrical conductivity of a head-to-head domain wall is 6 orders of magnitude higher than in bulk [2] . Accounting for the narrow domain wall width (a few unit cells (ucs) only), it serves as a very confined conducting channel in an insulating matrix. Recent studies reveal that CDWs are not exclusive to ferroelectric materials, heterointerfaces between non-ferroelectric material are also capable of exhibiting CDWs. For example, at the LaAlO3 (LAO)/SrTiO3 (STO) interfaces, the polar discontinuity drives polar distortions in either LAO or STO, as predicted by first principles calculations [3] and demonstrated by experiments [4, 5] . Due to the advantageous properties of CDWs compared to the domains they separate, there is great promise in building novel devices based on CDWs, such as non-volatile ferroelectric domain wall memory devices [6] . Therefore, it has been said that "the wall is the device" [7]. To build a CDW-based low power device, the precise control of the CDWs, is a prerequisite.
Here, using atomic resolution scanning transmission electron microscopy (STEM) and electron energy loss spectroscopy (EELS), we show how to create and manipulate the position of the CDW in a nonferroelectric LAO/STO//NdGaO3 heterostructure. Furthermore, with additional transport measurements, we show that CDWs, along with other factors, including oxygen octahedral rotation and interface intermixing, control the spatial distribution and density of the two-dimensional electron gas (2DEG) within the heterostructure.
As shown in Fig. 1a , the LAO/STO//NGO heterostructure consists two interfaces. CDWs and intermixing exhibit at the LAO/STO interface while octahedral rotation resides near the STO/NGO interface. From atomic resolution imaging, we discover a tail-to-tail CDW emerges at the LAO/STO interface when the STO thickness is larger than 20 ucs, accompanied by an increasing width of chemical intermixing (Fig.  1d ). Furthermore, the oxygen octahedral rotation (OOR) from the NGO substrate affects the Ti-O-Ti bond angle within the STO layer for 4 ucs (Fig. 1f ). Both intermixing and distorted Ti-O-Ti bonds induce carrier localization in the 2DEG. As a result, when we change the STO thickness, we effectively tune the spatial distribution of mobile carriers, which is revealed by EELS Ti valence mapping. Specifically, when the STO layer is thick enough (≥ 6 ucs), a conducting channel forms, which is free from carrier localization due to either intermixing or OOR. The Ti 3+ concentration within the conducting channel ( Fig. 1g ) correlates accurately with transport measurements. In summary, CDW creation, and its relationship with intermixing, directly control the 2DEG conducting channels, thus offering novel approaches for CDW based functional devices [8] . 
